Objective. Medicaid coverage for low-income women may play an important role in ensuring access to preventive care. This study examines how Medicaid eligibility expansions to nonelderly adults impact cervical cancer screening among low-income women. Data Sources. We use data from the Behavioral Risk Factor Surveillance System from 2000 to 2010. The primary outcome of interest is whether women in the relevant guideline consistent age range reported having a Pap test in the previous year. Study Design. We use a difference-in-differences approach with matched treatment and comparison states and a simulated eligibility approach based on a continuous measure of Medicaid generosity. Principal Findings. Our results indicate that cervical cancer screening increased among low-income women in expansion states relative to comparison states. Increases in screening rates are largest among low-income Hispanic women. Conclusions. Medicaid expansions during the period from 2000 to 2010 were associated with improved cervical cancer screening rates, which is critical for early cervical cancer detection and prevention of cancer morbidity and mortality in women. The results suggest that more widespread Medicaid expansions may have positive effects on preventive health care for women.
although Medicaid expansions to nonelderly adults may partially ameliorate limited access among low-income women and improve health outcomes, including mortality (Sommers, Baicker, and Epstein 2012) . While Medicaid expansions are associated with improvements in mortality (Sommers, Baicker, and Epstein 2012; Sommers, Long, and Baicker 2014) , more evidence is needed on the underlying mechanisms. Cervical cancer screening is a recommended (U.S. Preventive Services Task Force 2012) and broadly available preventive service. The impact of public insurance coverage expansions on cervical cancer screening has implications for cervical cancer outcomes and for understanding the factors that influence the use of preventive services.
Other federal and state programs support the provision of free or lowcost cervical cancer screening to low-income women. Funding for family planning clinics through Title X and expansions of Medicaid family planning coverage through 1115 waivers both increase receipt of cervical cancer screening among targeted populations (Wherry 2013b; Nikpay 2016) , and the National Breast and Cervical Cancer Early Detection Program (NBCCEDP) through the Centers for Disease Control and Prevention (CDC) has offered free screening to eligible women since 1990. Despite improved screening rates among low-income women, the program has been unable to reach many eligible women, and research shows that disparities by income, insurance, and ethnicity remain (Adams, Breen, and Joski 2007; Tangka et al. 2010 ). This may be attributable to the program's limited budget and uninsured women's lack of awareness of program benefits. In contrast, evidence from coverage expansions under Massachusetts health reform suggests that near-universal coverage increases cancer screening, indicating an impact of comprehensive coverage beyond that of safety net programs in existence prior to expansion (Sabik and Bradley 2016) . We hypothesize that full Medicaid coverage that may promote engagement with the health care and link women to primary care will increase use of preventive services such as cervical cancer screening, despite the presence of the family planning and NBCCEDP programs.
This study examines how changes in Medicaid eligibility for nonelderly adults prior to the Affordable Care Act impacted cervical cancer screening. Although a broader population of adults is now covered by Medicaid under the ACA, there are lessons to be learned from pre-ACA expansions. These expansions occurred during a period when there were fewer simultaneous changes in the health care system. In particular, under the ACA, there have been multiple policy changes targeting low-income populations (e.g., through various Medicaid delivery reforms and subsidized private insurance) that make it difficult to isolate the effects of public coverage expansion alone. We find evidence of improvements in cervical cancer screening rates among lowincome women, suggesting that public coverage expansions may improve receipt of preventive care services among this population.
BACKGROUND
Medicaid, which is financed jointly by federal and state governments and administered by states, provides health insurance coverage to low-income and disabled individuals. We focus in this study on expansions of Medicaid coverage to nonelderly adults that occurred prior to the passage of the ACA. While the primary nonelderly groups traditionally covered by Medicaid were lowincome children, parents, and pregnant women, some state Medicaid programs covered nondisabled childless adults and parents at higher-than-standard income levels under 1115 waivers from the Centers for Medicare and Medicaid Services, allowing them to expand coverage to nonmandatory populations (Centers for Medicare and Medicaid Services 2016).
The conceptual framework for our analysis draws on Andersen's model of access to health services as adapted by the Institute of Medicine (Andersen and Davidson 2001; Institute of Medicine 2001) . Specifically, availability of insurance coverage (including eligibility guidelines within an individual's state) is an important factor in determining coverage and interacts with individual characteristics, including income and household characteristics that determine individual eligibility as well as other factors related to an individual's ability to enroll in and maintain coverage. These factors inform our hypotheses that cervical cancer screening rates among low-income women will be higher in states with expanded Medicaid eligibility for adults and that racial and ethnic disparities in screening will be ameliorated by expanded eligibility.
Medicaid expansions prior to the ACA increased coverage among adult populations across a number of states (Gilmer, Kronick, and Rice 2005; Long, Zuckerman, and Graves 2006; Atherly et al. 2012 ), but there is limited and mixed evidence on the effect of these coverage expansions on health care utilization, including preventive care (Howell 2001; Levy and Meltzer 2004) .
Sicker individuals who are more likely to have poor health outcomes tend to enroll in Medicaid, confounding observational assessments of outcomes. In contrast, evidence using experimental or quasi-experimental designs suggests that Medicaid improves access to health care and may also improve outcomes.
Results from the Oregon Health Insurance Experiment that randomized individuals to Medicaid eligibility suggest that those who gained Medicaid coverage had significantly higher health care utilization and better self-reported physical and mental health than the control group (Finkelstein et al. 2012; Baicker et al. 2013 ). Sommers et al. used a quasi-experimental design comparing three states that substantially expanded adult Medicaid eligibility with neighboring control states and found that county-level mortality was significantly reduced in expansion states, particularly among older adults, minorities, and those in poorer counties (Sommers, Baicker, and Epstein 2012) . Part of this improvement in health outcomes may be due to changes in preventive care service use. Cervical cancer screening is recommended for a large segment of the population targeted by Medicaid expansions (most women aged 21 and older) (U.S. Preventive Services Task Force 2012). Despite being widely recommended and simple and inexpensive to perform, cervical cancer screening rates are below recommended targets and screening is particularly underutilized by certain racial and ethnic minorities (Sabatino et al. 2015) . Women with lower rates of recommended screening, such as Hispanic women, also experience significantly higher incidence of cervical cancer (McDougall et al. 2007; Siegel, Miller, and Jemal 2015) .
Recent evidence on coverage mandates affecting private insurance shows that these mandates increase screening, particularly for Hispanic women, suggesting that insurance coverage is an important factor in determining whether women are screened (Bitler and Carpenter 2017) . There is limited evidence regarding the effects of public insurance coverage expansions to the nonelderly on cervical cancer screening. Evidence from insurance expansions under Massachusetts health reform shows significant increases in Pap tests, particularly among low-income women (Sabik and Bradley 2016) . Two studies that consider the effects of Medicaid expansions specifically also find significant positive effects. Research on Medicaid expansions after the passage of the Personal Responsibility and Work Opportunity Reconciliation Act (PRWORA) in 1996 found a positive effect of early eligibility expansions on Pap tests (Busch and Duchovny 2005) . The Oregon Health Insurance Experiment, in which low-income adults were randomly given the opportunity to enroll in Medicaid coverage, found a statistically significant 45 percent increase in the probability of having a Pap test after 1 year of coverage compared to those who were randomized to the no-insurance group (Finkelstein et al. 2012) . We expand on that literature using more recent expansions to both parents and childless adults in a sample that includes many more states and consider how changes in cervical cancer screening may have differed across racial and ethnic groups. This study also expands on the literature using two complementary methodological approaches-both a difference-in-differences approach and a simulated eligibility approach (Currie and Gruber 1996) -to assess the impact of Medicaid expansions on women's cancer screening. Using both approaches, we test the robustness of the results under different estimation methods.
DATA AND METHODS

Overview of Analytic Approach
The goal of this study was to estimate the effect of increases in Medicaid eligibility for nondisabled adults on the receipt of cervical cancer screening among nonelderly adult women. The implementation of multiple Medicaid waivers expanding adult coverage over the period from 2000 to 2010 represents a useful source of variation and natural experiment for assessing the effects of Medicaid expansions.
We use two different but complementary approaches to ensure the robustness of results. The first approach uses a difference-in-differences (DD) framework in which states are categorized as expansion (treatment) or nonexpansion (control) and matched so that the postexpansion period is defined by the implementation date in the matched expansion state (Sommers, Baicker, and Epstein 2012) . This approach estimates the overall average effect of an expansion, controlling for secular trends in screening using the nonexpansion comparison states. A number of states fall into a third category because they had smaller scale or state-funded expansions that may have led to some increase in public coverage, although not as large as in states with more comprehensive Medicaid expansions. Thus, we exclude these states from the DD analysis.
The second approach uses a simulated eligibility (SE) measure, which represents the generosity of Medicaid coverage for nonelderly, nondisabled adults in each state and year as the independent variable of interest. This measure is based on the percentage of a national sample of nonelderly adults in each year that would be eligible for Medicaid in each state given the state's eligibility rules in that year (Currie and Gruber 1996) . Thus, we estimate the change in screening associated with a discrete change in the generosity of Medicaid eligibility, independent of actual changes in eligibility that may be correlated with other factors, such as state-level unemployment, that could also affect health care utilization. This approach allows us to include all states in the analysis and account for heterogeneity in income eligibility levels across states.
Finally, multiple states implemented Medicaid family planning waivers during our study period. These waivers expanded income eligibility for family planning services, including cervical cancer screening, to women who were not eligible for full Medicaid coverage. Thus, we test the sensitivity of our results to controlling for these waivers. Based on published information on the month of family planning waiver implementation across states (Wherry 2013a), we create a variable equal to one for states with Medicaid family planning waivers during the time period the family planning waiver was in place and re-estimate our models including this control.
Individual-Level Data
We use data from the Behavioral Risk Factor Surveillance System (BRFSS) between 2000 and 2010 to consider receipt of Pap tests among a sample of women 21 to 64 years of age who have not had a hysterectomy. The BRFSS is a cross-sectional telephone survey conducted annually in each state that collects data on demographics, health care coverage and access, health behaviors, and preventive care. The women's health module, which includes questions on cervical cancer screening, is fielded nationally every two years. Thus, we use data from six cross-sections of the BRFSS.
We use data on length of time since last Pap test to consider changes in cervical cancer screening after Medicaid expansions. Guidelines from the American Cancer Society (ACS), the US Preventive Services Task Force (USPSTF), and the National Cancer Institute (NCI) have changed over time and differ regarding recommended screening intervals. Over our study period, cervical cancer screening guidelines ranged from 1-to 3-year intervals. We focus on annual screening as some guidelines recommended yearly screening throughout our study period and insurance generally continued to cover annual screening. We consider whether a woman reports having had a Pap test in the past year because recall bias is smaller over a shorter time period, some sets of major guidelines recommended annual screening during the study period, and Medicaid plans often cover annual screening. In addition, we use demographic data on age, race, ethnicity, marital status, education, employment, and income to control for individual-level factors that may impact receipt of screening. We construct measures of income as a percent of federal poverty level (FPL) by assigning each individual the midpoint of household income in the category reported for her (e.g., if an individual falls into the category $0 to $10,000, she is assigned a value of $5,000) and using yearly Department of Health and Human Services guidelines for federal poverty standards by household size.
State-Level Data
Medicaid income eligibility information for nonelderly, nondisabled adults came from multiple sources. Reports from the Kaiser Family Foundation provided information on parental coverage (Kaiser Family Foundation 2016) . This was supplemented with information from other reports and administrative documents from foundations, states, and the Centers for Medicare and Medicaid Services (see Appendix SA2 for more detail). Certain gaps in information were addressed through conversations with state officials. From these sources, we compiled a state-year level dataset of Medicaid income eligibility thresholds as a percent of FPL for parents and childless adults in each state-year through multiple pathways, including traditional 1931 parental coverage, 1115 waiver coverage, and coverage through the Health Insurance Flexibility and Accountability (HIFA) waiver program (Atherly et al. 2012) .
The simulated eligibility measure is constructed based on annual samples of 3,000 nonelderly adults aged 20 to 64 years in the Current Population Survey March Supplement. For each individual, we calculate income as a percent of FPL based on family size, state of residence, and survey year. We then determine individuals' eligibility for Medicaid in each state in a given year by comparing parental status, employment status, and income to each state's annual eligibility rules. The simulated eligibility measure is the percentage of the national nonelderly adult sample for a given year that would be eligible for Medicaid in each state. As eligibility for programs in California is based on county of residence, we use a weighted average of county-specific simulated eligibility as an overall California measure. We include eligibility through all Medicaid pathways that provide comprehensive coverage (excluding a small number of waiver programs that primarily provide premium support for employer-sponsored health insurance); we do not include information on solely state-funded coverage programs.
Difference-in-Differences Models
We estimate difference-in-differences (DD) models comparing changes in cervical cancer screening in expansion states before and after the expansion of Medicaid eligibility to changes in similar neighboring states that did not implement expansions over the same time periods. We identified the potential control states for each of the expansion states as states in the same census region that did not have any expansion (federal or state-funded) during the study period. We selected one or more control states from the candidate list for each state based on geographic proximity and state population and demographic composition. The matched states and the postperiods for each pair are reported in Table 1 . We estimate DD regressions of the form:
where Y ijt is an indicator that represents the receipt of screening by the ith individual, in the jth state (part of treatment-control matched group s), and the tth year. MCDEXP jt is a dummy variable that is equal to one for women in one of the expansion states after the implementation of the expansion; this variable any time-invariant state characteristics that might affect our outcomes, and s t represents year fixed effects that control for general time trends. We also include a set of treatment and control group-specific time trends represented by p to adjust for any distinct regional time trends specific to the group. We estimate linear probability models for ease of interpretation and to avoid issues with interaction terms in nonlinear models (Ai and Norton 2003) . We employ survey weights that account for the BRFSS complex sampling design in all models. We estimate all models for the full sample of screening eligible women as well as subsamples of women with incomes under 200 percent FPL, who are most likely to be affected by the expansions.
Simulated Eligibility Models
We estimate a second set of models that considers the relationship between the measure of nonelderly adult simulated eligibility in a given state and year and receipt of screening. Using the sample of women from all states, we estimate linear probability model of the form:
Variables are defined as above, although the independent variable of interest is SimElig jt , which represents the percentage of a consistent national sample of nonelderly adults in each year that is eligible for Medicaid under each state's rules and captures the generosity of Medicaid eligibility for adults in the jth state and tth year. We again include state and year fixed effects, so our estimates are based on within-state variation in simulated eligibility over time. We scale the coefficients to represent a 10 percentage point change in simulated eligibility.
RESULTS
State-Level Adult Medicaid Eligibility
From 2000 to 2010, Medicaid eligibility for adults is increasing, on average, across states. Table 2 presents income eligibility thresholds for Medicaid in 2000 and 2010 for parents and childless adults. Over 20 states implemented expansions to nondisabled adults over this period. In 2000, only five states offered Medicaid coverage for childless adults, increasing to 18 states in 2010. Appendix SA3 includes additional information regarding Medicaid expansions to childless adults and parents over the period from 2000 to 2010, including years of expansion. The increases in eligibility are also reflected in the simulated eligibility measure. To summarize, the mean difference between simulated eligibility in 2010 versus 2000 is 5 percentage points. Eight states experience a decline in simulated eligibility over this period, although these decreases are small (less than 2 percentage points) in all states except Tennessee, which experienced a large disenrollment from its Medicaid program over this period. Fifteen states have an increase in simulated eligibility of 10 percentage points or greater. Table 3 reports weighted summary statistics for the sample of women targeted for Pap tests, both for all states and for the limited set of states included in the DD analysis (Table 1 ). The sample from the smaller set of states (column 2) resembles the full national sample of women aged 21 to 64 in terms of basic demographics. Of women in the target population, approximately 69 percent received a Pap test in the past year. We also examined trends in Pap test receipt separately for expansion and matched comparison states in our DD analysis in each of the 5 years leading up to expansion (results available upon request) and found that while rates were consistently higher in comparison states, trends were similar across the two groups, particularly in the 3 years prior to expansion. The mean age is 40 across both sets of states. About two-thirds of each sample are married and employed, and about 84 percent of the sample has health insurance coverage. The majority of both samples have above a high school education. The primary difference between the set of states included in the DD analysis and the national sample is the racial and ethnic composition. Women in the smaller sample of states are less likely to be white or black and more likely to be Hispanic. Table 4 presents DD estimates of the effect of Medicaid expansion on whether a woman had a Pap test in the past year. The variable "Medicaid expansion" in the first row of the table represents the DD estimate (the interaction between being in an expansion state and the postexpansion period). The coefficients indicate significant relative increases in Pap tests after expansion. The coefficient on the postexpansion indicator suggests an overall decline in annual screening, which reflects responses to changes in guidelines over this period. Based on the assumption that the nonexpansion states represent the counterfactual of how screening would have changed in the treatment states in the absence of expansion, the DD estimates suggest a relative increase in cervical cancer screening of 1.3 percentage points among the overall population and 4.0 percentage points among low-income women in expansion versus nonexpansion states. This represents a 6.3 percent increase in screening for the lowincome group relative to the mean screening rate of 63.2 percent in that population.
Descriptive Statistics
Difference-in-Differences Results
Columns (3)- (5) of Table 4 present results from DD regressions stratified by race/ethnicity. The results indicate that the significant effect seen among low-income women is driven by changes for low-income Hispanic Notes. All models also include state and year fixed effects. All analyses are weighted to account for the complex sample design of the BRFSS. Standard errors in parentheses. ***p <
.01, **p < .05, *p < .1.
women, for whom expansions in Medicaid are associated with a 13.4 percentage point increase in the receipt of a Pap test. This is also the group that experienced the largest coverage increases as a result of expansions. DD estimates of the impact of expansion on coverage indicate a 4.0 percentage point increase among all low-income women in health insurance coverage as a result of expansions and an 8.1 percentage point increase among low-income Hispanic women (see Table 1 in Appendix SA4).
Results are robust to the inclusion of a control for the presence of state Medicaid family planning waivers (see Table 1 in Appendix SA5). For the sample of all women, the coefficient declines slightly to 0.010 and is no longer marginally significant. Among low-income women, both overall and by race/ ethnicity, the magnitude and significance of the results are robust to the inclusion of the control for family planning waivers.
Simulated Eligibility Results
Table 5 presents estimates of the effect of Medicaid expansion on cervical cancer screening based on the simulated eligibility models. As in the DD models, we find evidence of a statistically significant positive association between cervical cancer screening among low-income women and Medicaid simulated eligibility. The results suggest that a 10 percentage point increase in simulated eligibility is associated with a 1.08 percentage point increase in cervical cancer screening. To put this in context, among the expansion states included in the DD analysis, the mean change in simulated eligibility after expansion of coverage was 22 percentage points, with eligibility increases ranging from 14.1 to 33.5 percentage points. As in the DD results, the magnitude of the increase for low-income Hispanic women is more than twice that for the overall lowincome sample; the estimates suggest an increase in screening of 2.2 percentage points associated with a 10 percentage point increase in simulated eligibility. All results are robust to the inclusion of a control for state family planning waivers (see Table 2 in Appendix SA5).
DISCUSSION
We consider the effect of Medicaid expansions to nonelderly adults on cervical cancer screening and find evidence of increases in screening among lowincome women targeted by the expansions. Our results parallel findings regarding the impact of health insurance coverage on receipt of cervical (Bitler and Carpenter 2017) . Using expansions across multiple states also allows us to assess how results compare to studies focused on only one or a small number of expansion states. Heterogeneity in income eligibility thresholds and variation in the timing of expansions, as well as waivers allowing for more limited expansions and state programs funding public insurance, make it difficult to neatly categorize states for the purpose of comparison. Our use of two complementary methodological approaches allows us to produce estimates of the impact of expansion, regardless of the magnitude of the particular expansion, as well as an estimate of the impact of incremental increases in Medicaid eligibility generosity. Our results suggest that earlier findings from the context of single states or higher-income women generalize to Medicaid expansions impacting low-income women across a number of states.
Cervical cancer screening increases after state-level expansions of Medicaid eligibility to nonelderly adults, despite the presence of other programs that cover or provide cervical cancer screening, including Medicaid waiver programs and state NBCCEDP programs. Our findings suggest that despite the positive impacts of family planning programs and the NBCCEDP (Wherry 2013b; Lantz and Mullen 2015; Nikpay 2016) , comprehensive insurance coverage intended to link women to primary care may further increase access to preventive services. On the other hand, the NBCCEDP is a targeted program (Adams, Breen, and Joski 2007; Tangka et al. 2010) , and a broader screening-specific program may lead to greater increases in screening.
This study has limitations. First, over the time period we study, the BRFSS used a landline-only telephone sampling frame, which may limit representativeness of the study. We utilize the complex survey weights in all analyses to ameliorate potential bias arising from sampling, but the landline-only frame remains a limitation. Second, while self-reported measures of women's cancer screening in the BRFSS have been validated (Zapka et al. 1996; Caplan et al. 2003) , there is evidence of over-reporting of screening, particularly among minorities (Fiscella et al., 2006; Njai et al. 2011 ). We do not expect reporting to vary systematically with state Medicaid eligibility policy, so this tendency should not bias our estimates of changes in screening rates, but it may impact estimates of average screening rates overall and across subgroups. Third, income information in the BRFSS is collected in categories, so there is some imprecision in income measures used to categorize our sample. Fourth, we focus on annual screening, even though guidelines changed over this period to recommend less frequent screening. Thus, the impact on guideline concordant screening receipt may be greater than our estimates of the effects on annual screening. Fifth, our results may not generalize to other screening and preventive care services, some of which target different populations and may entail more barriers to access than cervical cancer screening.
Our results indicate that cervical cancer screening increased among lowincome women in expansion states relative to control states after increases in Medicaid eligibility. The ultimate goal of increasing screening is to reduce mortality from cervical cancer, a disease that can be prevented with regular screening and removal of precancerous lesions. It is difficult to translate our estimates of the effects of Medicaid expansions on annual screening among low-income women into expected life-years saved for a few reasons: We estimate multiple models on different groups of states and produce a range of estimates; we examine annual screening (rather than guideline-recommended screening, which varies based on organization and year); our effects are relevant for a specific population of Medicaid-eligible women and eligibility guidelines differ across states; and the existing literature on the health effects of screening in the United States may not generalize to the population we study. Nonetheless, given estimates of the impacts of screening on lives saved from similar contexts (Ekwueme et al. 2014) , our findings that Medicaid expansions are associated with significant increases in screening for lowincome women suggest expansions may reduce mortality from cervical cancer.
We find that Medicaid expansions improved preventive care along a key measure that is important for early cancer detection and prevention of cancer morbidity and mortality. An avenue for future research is to explore the effects of Medicaid expansions on related health outcomes, including stage at cancer diagnosis and incidence of advanced-stage cancers. Increases in screening should detect disease at earlier stages, leading to improvements in health outcomes and potential cost savings. There have been many policy proposals regarding potential changes to Medicaid at the state and federal levels. Our results demonstrate that increasing nonelderly adult eligibility increases use of an important preventive health care service, with the largest increase among Hispanic women, a group that has historically had higher incidence of cervical cancer than other racial and ethnic groups in the United States (Centers for Disease Control and Prevention 2016). Our findings are particularly important in light of updated estimates, suggesting that cervical cancer mortality rates and racial disparities in cervical cancer mortality are greater than previously thought (Beavis, Gravitt, and Rositch 2017) . Our findings suggest that expanding full health insurance coverage may be an effective means to increasing screening. Income Women. 
